Abstract. Methyl parathion, a highly cytotoxic insecticide, has been used in agricultural pest control for several years. The present study investigated the protective effect of sodium aescinate (SA, the sodium salt of aescin) against liver injury induced by methyl parathion. Forty male Sprague-Dawley rats were randomly divided into 5 groups of 8 animals: the control group; the methyl parathion (15 mg/kg) poisoning (MP) group; and the MP plus SA at doses of 0.45, 0.9 and 1.8 mg/kg groups. Alanine aminotransferase (ALT), aspartate aminotransferase (AST) and acetylcholinesterase (AChE) in the plasma were assayed. Nitric oxide (NO) and antioxidative parameters were measured. Histopathological examination of the liver was also performed. The results revealed that SA had no effect on AChE. Treatment with SA decreased the activities of ALT and AST, and the levels of malondialdehyde and NO. Treatment with SA also increased the level of glutathione and the activities of superoxide dismutase and glutathione peroxidase. SA administration also ameliorated liver injury induced by methyl parathion poisoning. The findings indicate that SA protects against liver injury induced by methyl parathion and that the mechanism of action is related to the antioxidative and anti-inflammatory effects of SA.
Introduction
Organophosphate compounds are the most extensively used insecticides. Millions of cases of organophosphate poisoning are reported annually worldwide, with the majority due to insecticide exposure. The widespread use and easy accessibility of these compounds result in a huge number of poisoning cases (1) . Methyl parathion (O-O-dimethyl-O-p-nitrophenyl phosphorothioate), an organophosphorus compound that may only be lawfully used as an insecticide for agricultural crops, has recently received attention as a consequence of its illegal use (2) . Tissue damage as a consequence of organophosphate poisoning is frequently reported; however, prevention of this potentially severe complication has not been the subject of considerable research. Particularly, hepatic dysfunction secondary to organophosphate exposure was reported in animals a few years ago (3) .
Mechanisms other than AChE inhibition may be involved in the progression of acute organophosphate poisoning, including oxidative stress, mitochondrial energy metabolism impairment, microcirculation disturbance (4) and acute inflammation (5) . Aesculus hippocastanum (Hippocastanaceae) is a plant that is distributed worldwide due to its excellent resistance to environmental conditions (6). Aescin, the major active agent from Aesculus hippocastanum, has recently been used in clinical therapy due to its anti-inflammatory and antioxidative effects. However, few studies have examined the effect of aescin on liver injury induced by phosphate pesticides. This study evaluates the effect of sodium aescinate on liver injury induced by methyl parathion poisoning.
Materials and methods
Chemicals. Methyl parathion (80%, w/w) was obtained from Shandong Dacheng Co., Ltd (Zibo, China). Sodium aescinate (SA) was supplied by Shandong Luye Pharmaceutical Co., Ltd. (Yantai, China). Acetylcholinesterase (AChE), aspartate aminotransferase (AST), alanine aminotransferase (ALT), nitric oxide (NO), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), glutathione (GSH), malondialdehyde (MDA) and protein level test kits were purchased from the Institute of Jiancheng Bioengineering (Nanjing, China). All other chemicals and reagents used in this study were of analytical grade.
Animals and treatments.
A total of 40 male Sprague-Dawley rats weighing 220±20 g were provided by the Experimental Animal Center of Shandong Engineering Research Center for Natural Drugs (Yantai, China), and the certificate number was 20030020. All experimental procedures conducted in this study were performed in accordance with the Guidelines for the Care and Use of Laboratory Animals of Yantai University. The rats were provided with free access to food and water on a 12-h light/dark cycle. They were housed in plastic cages and randomly divided into 5 groups of 8 animals: the control group; the methyl parathion (15 mg/kg) poisoning (MP) group; and the MP plus SA at doses of 0.45, 0.9 and 1.8 mg/kg groups.
Sodium aescinate ameliorates liver injury induced by methyl parathion in rats
Rats received methyl parathion intragastrically to establish the acute methyl parathion poisoning model. The animals in the MP and SA groups were treated with SA via the tail vein at 2.5 h following methyl parathion poisoning, while the animals in the other groups were treated with normal saline in equivalent volumes. All animals were anesthetized with chloral hydrate (300 mg/kg, i.p.) 24 h following methyl parathion poisoning. A total of 5 ml heparinized blood (1% heparin, 100 µl) was collected from the abdominal aorta, and then the animals were sacrificed under anesthesia as a result of blood loss. The livers were excised and immediately cut into two, and subsequently washed with chilled normal saline.
One section was fixed in paraformaldehyde (4%, diluted in 0.1 mol/l phosphate buffer solution, pH 7.4). The other section was weighed and homogenated.
Histopathological investigation. Paraformaldehyde-fixed, paraffin-embedded liver samples were cut into 4-µm sections, deparaffinized in xylene, and rehydrated through a series of descending concentrations of ethanol. Sections were stained with hematoxylin and eosin. Pathological observation of the tissues was performed under light microscopy.
Biochemical analysis. Blood samples were drawn into heparinized tubes for biochemical analysis. Following immediate centrifugation (2500 x g for 10 min at 4˚C), the plasma was stored at -80˚C until biochemical analysis. The livers were weighed and homogenized in ice-cold normal saline (1/9, w/v) at a speed of 5000 rpm (15 sec x 5). The suspension was centrifuged at a speed of 2500 x g for 10 min at 4˚C, and the supernatant was stored at -80˚C. The activities of AChE, ALT, AST, SOD and GSH-Px, and the levels of NO, GSH and MDA were determined, respectively, according to the manufacturer's instructions.
Statistical analysis. The one-way ANOVA test was used to analyze the significant differences between the different groups. Comparisons between two groups were determined using the Student's unpaired t-test, using SPSS 11.5 statistical software. P<0.05 was considered to indicate a statistically significant difference. All data in the study are expressed as the means ± SD.
Results

Effect of SA on the pathological changes in rat livers.
Normal architecture of the liver was observed in the control group (Fig. 1A) . Inflammatory cell clusters, severe congestion of the hepatic sinusoids, hepatocyte necrosis and steatosis were observed in the MP group (Fig. 1B) . SA significantly ameliorated the pathological changes induced by methyl parathion poisoning ( Fig. 1C-E) .
Effect of SA on AChE activity in the plasma following methyl parathion poisoning. The AChE activity was significantly inhibited following MP administration. SA had no effect on the reduction of AChE activity (Fig. 2) .
Effect of SA on ALT and AST activities in the plasma following methyl parathion poisoning. The activities of ALT and AST increased markedly following MP poisoning. SA (0.9 and 1.8 mg/kg) treatment decreased ALT and AST activities (Fig. 3) .
Effect of SA on NO level in the plasma and liver following methyl parathion poisoning.
Compared with the control group, the NO content in the MP group significantly increased. SA suppressed the elevation of the NO level in the plasma and liver tissue (Figs. 4 and 5) .
Effect of SA on SOD, GSH-Px activities and GSH, MDA levels in the liver following methyl parathion poisoning. Analysis of the antioxidative parameters revealed that administration of methyl parathion resulted in a significant decrease in the activities of SOD and GSH-Px, and the level of GSH. Furthermore, methyl parathion poisoning also led to an increase in the level of MDA. However, treatment with SA attenuated the changes in the activities of SOD and GSH-Px, and the levels of GSH and MDA (Figs. 6-9 ).
Discussion
The liver plays a pivotal role in a large number of metabolic and immune processes; therefore, the hepatotoxicity of the liver as a result of toxic agents, and the potential therapeutic strategies have attracted numerous studies. The systems and organs that can be influenced by organophosphate intoxicants are the immune, urinary and reproductive systems, the pancreas, liver and the lungs. Certain studies have reported that organophosphates cause liver damage (7). ALT and AST are significant indicators of liver damage. These enzymes were revealed to leak out into the blood following hepatocellular injury (3). Furthermore, other studies have also indicated that organophosphates lead to serious changes in hepatocytes and organelles; for example, an increase in the chromatin content of hepatocyte nuclei and cytoplasmic density. The involved cells also became vacuolar in appearance as a result of lysis in the mitochondrial matrices. In certain cells, the lipid content constituted the majority of the cytoplasm. It was also revealed that collagen fibers expand to form bands in certain areas of the # p<0.05 compared with the control group; * p<0.05 compared with the MP group. NO, nitric oxide; MP, methyl parathion (15 mg/kg) poisoning; SA, sodium aescinate.
liver (8) . In our study, MP caused a significant increase in the activities of the ALT and AST enzymes. Histological damage in the MP-treated rats was also observed. However, SA treatment markedly reduced the MP-induced hepatic dysfunction, as revealed by a significant reduction in the serum ALT and AST enzyme activities, and an attenuation in the histological changes in the liver.
NO is a key factor in hepatic injury (9) . Increased levels of NO are a natural sequence to the inhibition of AChE by organophosphates. A number of studies have demonstrated that NO may promote inflammation-induced cell and tissue dysfunction. NO-dependent reactions are significant in modulating the inflammatory response and may account for hepatic necrosis through specific signaling mechanisms (10, 11) . The liver is an organ that is evidently influenced by NO. Therefore, when a large sustained amount of NO is present, damage occurs in the liver (12) . Otherwise, the serious liver injury may induce excessive systemic inflammation (13) . In the present study, we measured the level of NO in plasma and liver tissue. Our study demonstrated a significant increase in nitrate (measured as nitrite), the stable end product of NO, in the plasma and the liver in the MP-treated group. As expected, SA treatment significantly inhibited MP-induced NO production.
Pesticides have been reported to induce the generation of reactive oxygen species (ROS) in vitro and in vivo (14) . ROS are significant in the toxicity of organophosphate compounds (15) . Oxidative damage by free radicals or ROS could result in lipid peroxidation, causing changes in membrane properties and cell dysfunction (16) . Organophosphate pesticides may induce oxidative stress, leading to the generation of free radicals and an alteration in antioxidants (17) . It was revealed that the lipid peroxidative substance (MDA) was elevated and SOD was reduced following organophosphate poisoning (4) . Methyl parathion was also able to deplete GSH in the rat liver by forming GSH conjugates (18) . In addition, the activity of GSH-Px was diminished following organophosphate poisoning (19) . Our study revealed that organophosphate poisoning resulted in a change in oxidative stress. However, SA administration # p<0.05 compared with the control group; * p<0.05 compared with the MP group. MDA, malondialdehyde; MP, methyl parathion (15 mg/kg) poisoning; SA, sodium aescinate. Figure 6 . Effect of SA on SOD activity in the liver. The SA treatment groups were administered SA at doses of 0.45, 0.9 and 1.8 mg/kg. The control and MP group were administered normal saline. Data are expressed as the means ± SD (n=7-8).
# p<0.05 compared with the control group; * p<0.05 compared with the MP group. SOD, superoxide dismutase; MP, methyl parathion (15 mg/kg) poisoning; SA, sodium aescinate. Figure 7 . Effect of SA on GSH-Px activity in the liver. The SA treatment groups were administered SA at doses of 0.45, 0.9 and 1.8 mg/kg. The control and MP group were administered normal saline. Data are expressed as the means ± SD (n=7-8).
# p<0.05 compared with the control group; * p<0.05 compared with the MP group. GSH-Px, glutathione peroxidase; MP, methyl parathion (15 mg/kg) poisoning; SA, sodium aescinate. ameliorated the oxidative damage. These findings are in accordance with a previous study which reported that SA improves the antioxidative defense system (20) .
The results from the present study demonstrated that acute organophosphate poisoning causes serious histopathological changes in the rat liver; however, these changes are reversible following SA treatment. The pharmacological action of SA is associated with its antioxidative and anti-inflammation effects. The protective effects of SA on liver injury induced by organophosphates require further study.
